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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a GaN based 
semiconductor laser in which a resonance is fomied by 
sebctive growth. 

SOLUTION: The semiconductor light emitting element has 
double heterostructure where an '^^^o^i^^og'^ ^^^'^ ^^^^ 
4 and a p-AI^^ ^Ga^ dad layer 6 sandwching an In^ ^Ga 
active layer 5 are fbrrrted on a (0X1) face sapphire 

substfate 1 through an n-GaN contact layer 3. A p-GaN 
contact layer 7 is formed on the p-Al^^Ga^^N clad layer 6 

and a p-slde electrode 8 is provided on the p-GaN contect 
layer 7. Since a semiconductor mulUlayer including the 
active layer Is farmed in an opening made through an 
insulator by selective growth, a resonator mirror can be 
formed by selective growth without reqiaring any etching. 
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(57) imm} 

im^^m} (0 0 0 1) ®i*-7T'f7'Sffii±tcn 

-GaNn>^*' hJg3&^htTIn0.2Ga0.8NrS14 
®5;£n-A10.1Ga0.9N^'7tf HJg4*iJ;W:p-A 
1 0. 1 G aO. 9N iJ' -7 V Hii 6 r-^tr-j^7';i.^v^ nffijg^ 
^UTV«5, p-A10.1Ga0.9N5'7-:; KJi60±gp 
ttt, p-GaN=iV*'i?hM7;£WU p-GaNn 
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gut;. piim-^^^t^^m.i^f^mm^Mtm.&i^ji*) 

^-s w-r saf 6 tcia«o^«lft:i/— tfoisjg?^ 
im^m 1 1 ] ^mi^^mmifi. a 1 oa i nNmt^ifs^ 

Clf 1 2 ] A 1 Ga I nNI^^J^^ 

im^mi 4] ?St4JgS^tr^3Sft:ttJg0As, AlGa 



I nN^umx-mm^ixx\>^^m^mi stte®®^^? 

tm^iMl 5] ^^mi^(Dmmmifi. OaxXnl-xN (0 
^x^l) AimmifiO. 1 W±T^5AlkGalI 
nmN (0.1 ^k, 1, m^l, k+Ura=l) fcS:W-rs^^?(^; 

V^T^JRfitJtcgilBGaxI nl-xNif©— aJi&3i'j/^>i^ 
20 C^^^l 93 mfI3^2g(*l/-ifi)SAlkGalInmN 

(ogk. 1, m^i, k+i+m=i) m^nxm^^fixt^ym 
*^i 7*fe(*i scise^ifi^i^i/— tfo 
im^m2 0} m'^^^^m-t^^mi^mM^^x-^'D 

T, #FM{^GaxI nl-xN (Ogxgl) ^ ^pj^^^ 
Mi-^WmmifiAlkGallnmN (O^k. l,m^U k+1 

Cit^^2 1} SL^^p^^'T&^mi^m^m'^x-^-D 

^^JgtGaxInl-xN (O^x^l) ^ #^Jia^ 
30 m-t^mmmtfiAlkG&lInmN (O^k, l.n^U fc+1 

Ilg^2 23 nM®AlkGalInmN (O^k, 1, n 
k+l+m=I) ^^'t^^mi^m^X-$>^X. nM®A 
IkGal I nmNi;:?^fi£^nsS^^)S^^> (Ti) t 
(Pt) ;fe^WbT*SDx HUBS5^^'>ii*nM®Al 
kG a II niiiNfflfltcfiig:^ -S c: t -r S^SIft:^ 

[Sf*a2 3] HtIg3nmcDAlkGalIninNtc?15fiS^ 

40 nsmeiJEt^^up^T^v (Mo) £^wr-5it5f£ja2 2*c 

[^^1124] nMOAlkGall nmN (Ogk, 1, n 
^1, k+l+m=l) ^mt^^mi^-mi^X^-DX. nm<DA 
IkGal I nmNt?Bfig^:nSS^3i>iT i NS^^-TS 

im^m25} nMC)AlkGalIninN (D^k, 1. m 
^1, ktl+ni=l) SWf S^^|<*:^?T-feoT. nMCDA 
IkGall nmNlClfl^fig&nsSfiiijJT iNi:# (A 
u) <&^Wbt*it). TiN3&ing/®AlkGalInm 

50 i^mtziiLmt^^t^^ht^^mf^f^^. 
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1-25 (o\.^rhifiictm<o^mi^f^^. 

[00 0 1] 
[000 2] 

[CeJlS®^*^] AlxGaylnzN (fiU O^xS 

U O^ygl, O^z^l) ©^^&V^^^i:t5 

6 9 (1 9 9 6^) 4 0 5 6^-4 0 5 8^ (Appiie 
dPhysics Lettes 69 (1996) 40S6-4058) ) . :L<Dmt 

'fr^l6±K:AlxGal-xN, I nyGal-yNipe>fi£§ 

[ 0 0 0 3 ] U e^A^^fli^ifi^ftcMmS 

t±v W«^^^J5£S& (MOCVDS&) . ^9^:jit 

^*'>-ffi (MBES) ^®^^^3eiSMi^e,n5o m 

;p;(f';!>A (TMG) s ^-^J^f-JVTJl^S.-t^A (TM 
A) ^iZ)=S«^t7'>t=7 (NH3) m<Oi}:^tm 
*&U -9-77"^ T'M^CDSSMSfe? 0 0-1 1 0 CC 

(DEZn) , (SiH4) ^^m^ 

[0 0 0 4] GaNM©«jeSK?1fti*7 7"<rS^ 

-y^if^HX.^Ui^'- 6 9 (1 996^P) 40 5 6® 
- 4 0 5 8^ (Applied Physics Lettes 69 (1996) 405 
6-4058) ) , 

[0 0 0 5] 

im^ifim^h^'^tt^^] UiPb^As^^ GaN 
[0 0 0 6] £7^. $«IE^iSCO[H]a (Boughness) ifi'J> 
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[0 0 0 7] -ec:T-*^^(±. zo^ofj^mm^mi^ 

[0 008] 

[0 0 0 9] tr. ^fRfigsqrtg'&m^mv^TSM^ 
[0 0 10] m^ti-^ti^mt^^mm^. mmm«j 

[0 0 1 1] %3fc^^ffl®*^lS^OT®=3-5^^>-i/JK 
^£SrxTiyOz$^^s^§M^^^So cnicj:^^ ffitBESi^ 
<-egS®'C, ^^t^AlGaInNm®l>— !ffc:t±WS& 

[0 0 12] 3iyf^V4^:i&Si:LT^ i|i^«:©||;gJK 
A*. GaxInl-xN (O^x^l) AlfflJSgAsO. 1 
i;l±T-;&5AlkGaIIniiN (O.l^k, 1, m^U k+l+ 

fSS^^*-rS;tf;^*fflV^TSiRfl«](CGaxInl-xNg 
©iS^ytf ;^ S ^ v> T i V ^ , 

[0 0 13] l'— tf®IS^-h-ffiiJffl]i:LxH:^ 1/— tf3fc 

[0 0 14] nSAlkGallnmN (Oik, 1, m^l, 
k+l+n=l) ^<onmt\.X. ^i'ViiS^S^^U ^ 
^'>3&*nS©AlkGalInmNtlt3f4g-rs^)CD, ^ 

IkGallnmN CO^k, l.m^l, k+l+m=l) ^<OW&ii 

[00 15] 

50 [IBTOHSSoJi^Sg] t:itTv c:®^^o||J£0ii;£ia®S 
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[0 0 16] (mm<Dmmi) miiz:i(Dmm<D~'mm 

li. GaN^i^>*»:5^^ AlGaN, AlGaInN, 

[0 0111 ^<D^^mi^i^~-ifit. mi (a) tc^-r<t 
ate, mxt£ (0 0 0 1) ®■t^7 7"1•TS^gl±^::n- 

GaNn V^'i' hM3 £^LTGa0.8I n0.2N^S^^;g 
5£n-A lO.lG'aO.SNi'^^/ 4i5J;Ufp- A 1 
0.1GaO.9N^?^»y KM6Tfi^tf^^7';i'^5=-D*|ig&W 
LTV>5o P-A 10.1GaO,9N^5^y Ka6©±gptC 
(i. p-GaNrav^'^ hjgT&^^U p-GaN:3> 

hm7mi^itpmmmaifim\fx^:s>o p-oaN 

=i>^i^hm7. p-A10.1Ga0.9Ni'^y 
GaO.81 n0.2NtSt4®5. n-A 10.1Ga0.9N^5 

n<R!imfiS 9 A^ISItTfe So 

[0 0 18] tf®^ms^v-t4®iiM 

n-GalSr=i>^'^ hS3®<a!l£3Itc:H:S i02m2 t J; 

l>o jgS?jgE:^fflv:^4'(c«:, Si02^ SiNx, SiO 
N. AlOx, A ION, nox^m^-^^^itifix^ 

[0 0 19] CCDSS^a, El (b) X-7j<;^K:S>Xo 
'y-7r'fTStgl±fcgm:gk:i:!3jgfig3^nSo 
ClOiai (b) Si 021^2 3bsS5ifig:gffltDv>^i' 

[0020] mi iz^t^mi^i^—ir<bi^m:^^<D—M 
[0 0 2 1] (0 0 0 1) m^y7^TWSii± 

K:Si 02m2$Jt||b, 7*h';v^5 7-<-fit«&i: 
2 ( (a) ) o ^tJS^:«ff£g<D^agB®*itt5 0 0^i'D 

>-r-&5. coeiiix— tfcttSggcD^^trats^fc-a- 
[0 0 2 2] ^vi. mm-^m^m^&m (movpe 
m) i3^i^(oi^m^m.^^^m^^x. it^r-f T^i± 

Vm-GeLHW^tf^hmZ. n-A10.1Ga0.9N^' 
^'i'K®4, GaO.81 n0.2NfSf4Jg5, p-AlO.l 
Ga0.9Ni?5iy K®6^ p-GaNn>^'^' h@7ffl I 
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^m^^^mm^^\^^^iy^r)vmm.•t^ (02 

( (b) ) „ CdT. Si02JK2±icW:maO:^^u 

[0 0 2 3] ogtc, — SlJffl^Ja©p-GaN3>^^ 
hM7, p-A lO.lGaO.SNi'^y K^6, GaO.8 

1 n0.2N?Sf4Jg5. n-A10.1Ga0.9N^^>i» Kjg 
4, *JJ;ytn-GaN3>^'i7 ^03®j^ftJi-^:$-f:^- 
>^ U>i/tCj;-pTJ^^v^V^?'-r5 (02 ( (C) ) o 

10 -eo^, P-GaNr3>iS'i'h®7±tpffi!imM8v n 

-GaNnViS^^' hJi3±tnmfi|9&BJ5g-rS (0 

2 (d) ) o 

[0 0 2 4] a±co;?&{cj;t), @1 t;s^t-J:dJ&4i# 

[0 0 2 5] 02 (b) ©x-Y:&fSr<DiK®, -r&fc^ 
Si02m2±tti. 0■;iM^g^ti«^^UT^,^)5:v^o ^ 

^JiK4-7H:, Si02K2©±tc*,?^jEi£-et5, c 

<om-^x-^. t^^T-f TSStit;, j^ig^^^— 20 1 

30 [0 0 2 6] c:cD57^^;i.j5E^^aeifl<jt;jSffitfc^- 

tr^Mtov>TiSieg-rSo «!gs?^-2 0 icD^M, 

§ 3&/t > K ^i-^ y T'S^-D p - A 1 0. 1 G aO. 9Ng4 p 
-GaNMtfSfcnfc. V^t)t9)5|g^ii (Window Stru6 
ture) tC^fe-DtV^S* E4T(±. SSm^i: UTrsbTfe 

[0 0 2 7] |2!4®J:-555:^^MS^^U-1fT-a. C 

So 

[0 0 2 8] ^4®,^?g^®^J@^4-7tt, ^tJSS® 

[0 0 2 9] meizTjk-rxoizpm^^^^T^m^izj:. 

m<*fl«lK:y:rV*:=:T (NH3) ;!/>t4i*C6 0 0-ctt 
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[0 0 3 0] ifcC. c:e?)ifi®($U-+fcD3g®:3-7^-f > 
i^Cov^TgSBgta- SgS:3"hica:. SiO2im20 
3 tS r T i 0M2 0 4 3Epe»J5!E5»®i^&ffll^t:v^S 

(05 (a) iJJ;Uf (b) ) , Ge.Nm<D^mii^V—^ 
Tttx iS®3-ht:SiOZi:Ti02(Z)#MK&ffl('^6. 10 

fltJ-ea&So CC-Ctt, Jg®:3-hfcU-C. Ti02ISC 

hZiLlfi-G^^, C:®SrTiOjBl&ffllt53a®:3-h 
SI/— tftr^ti^TfeSo 20 

[0 0 3 i]ifetc^ CICD^-•tf®n^ffij®ggCr:>^»^T|^i^ 
rSo tie3t£nffl!l©®Sit::ttTii:Al*sfflvie.nTV>5 

UfrU iaia-¥'^m£ETSirfPt&S^r. AutfnMGa 

3>^'^'^jg^;;^TSh^^'i'^*-PitM^l*ig:^LT3 30 

V^'i' Ha!iitf±#f Sfc«)t-J&5, ^®Au©ll£tfc& 

t00 3 2J ^1 4lc^-f n-GaN©3>^' 

(a) T-iiAu (^) ©TSB (n-GaNffl!l) fcP t 
(a&) SJ^AtTfeSo cnCiDWJftAuCififC 

4 (a) ■C-iiPt©Tg|Jt$6>t;:Ti (^^» 
TS5a Pt4)*ft:ttMa**5.65eVi:ig<, J£f[t:: 

AT-Pt®il£IS:£JtPMt-S<. 1^14 (b) tiiAuOT 
SUtCTiN^ifXUTfeSo C*iCJ;i)WJ&Au©i£ 

[0 0 3 3) 01 4-el±n-GaNOn>3'i!' hy^-Jl/ 
m«W. Ta, Ti^ AlT*i<tl^. U 

ICAlGa InN^*|i«(4;l/-1ftol^T5E'^fc*i^ C 
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[00 34) (mm<Dmm 2 ) ^i^^^v— tf 

C0;&ffiT-H:^v^V4^tii>:fe< i:t,± i 0%©aS© 

[0 0 3 53 ^T. (0 0 0 1) s-y-^T-wrSffis 0 

1 ±tC*-SI^^^Mffi (MOVPEfe) )5:^©sa 
fi2:^^&ffiV^'r> n-GaN=3>i'^? fj@3 0 2. n 
-A10.1Ga0.9N^7>vb-Ji3 03. rSf4Jg3 04, 
p-AI0.1Ga0.9Nffi-i?^s;Kg3 05 (jP$0. 
IS^i'U^) , p-GaN^-i?^yKJg3 0 6, p 

mi ( (a) ) . dtc. siozmsQs^mmt. 
j^h^-rr^tciax-rs (la? ((b)). 

[0 0 3 6] JfcK, S±02m3 0B^3L^y^>^'^^ 

y^>ir (ECR-RIBE) £MV\ iS^ (C12) 
y^y<mn (SF6) ©ig^;!;;^C<J;^-Cp-GaNSg 
-5'^^; h-ig3 0 aSai.y^V^'-rs (07 
((C)). 

[0 0 3 7) ffi-^^y' F®3 0 6©3is»5=->5^T-v p 
-AlO.lGaO.SN^-^^ -y KM3 0 5©m®tS:. 

^•^y KJS3 0 SOAlffl^^O. le^±^;b•C^^5]!P 

[0 0 3 8] ^©^7 5^^ (HP) tJ;t3TSi02M 
3 0 SSHiSU. J^yf^>i'bfc^-^'^y HJi3 0 6 
^^trU'^'i^;^ 7'±fc|fffctiS i 0203 0 9§ 

fflViTn-GaN=3>i'i' hJSST3^5'f->i''t-S (E 
8 ( (a) ) „ 

[003 9]g^(C, p-GaNzJV^'^ h03 0 7© 

±g»©s i 02^3 0 Qo-^izmasii^mi-fpmnm 

SlO^m0SLU Sfcx n-GaN:3>^i'h®3 0 2 
tc{*n!ias^3 1 O-^mmtZ (08 (b) ) o 

[0 0 4 0] AiG&inNmiim9tmtm7tm<D 

So C12:tf;^£fflufcECR-RIBET(± 
MSflESSOOe VCbT;^My^'i;>i/';£^»S, JX 
f ^ y > ^O^V ^Ifef* T l±. GalnNtAlGal 
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«afiSAS'J^55: < i; t>0. 1 Tl^^^t^S F6S^ia^ 5 h 13 

[0 0 4 1] ^y^>4^fzMv^5;tf;^I±. SF60[s£ 
A^. CHVF4-V (l^v^3) ^fc|±, CCli*F4-w (1^ 

[0043] :i(Dx.^y^>ir:^m^. AlGal 

Al Ga I nN^om^T^^t-fytft)® 
[0044] (^ffl?K,^3) ^li£J&Jg2-et±, ^t- 

[0 0 4 5] ^<Dmmm(Di'-if;>^h^^ymMit. 

[0 0 4 6] 01 Otcr^-r^tat, B2i?7yH®3 0 
6. 3>^'^hM3 07S^trUyt'^h^'fr4'fr. 

^is*4fb^g]^4 0 1 ifiB^^n. z<omm4 o i {^itm 
sss ti, nms 1 Oifj-t,3>^^' hM3 0 r^mvx 

t:. nmft^iSmtmM 4 0 1 iiifitn^ftt^o UfcAs^ 

mSStt, ^S5mb^:^4 0 l(Z(i^r$nfc^^®i' 
^'vK^3 0 6$9iitt5c ^?>trmgStt, fSi4;i3 0 4 

[0 0 4 7] 01 0T?^1-^®1g3g©^ili:?JffitCoV^T 
Iffi^l-So mi (b) CDX|iC0^(CH27'^Xv4i't3 
5 O-CT-^lZlSt-Siis I2I9KS^t-J;^t3Si02K3 
080^5. 0 5^'D>J;»?t)SJEl%fg2. 55i?D>$ 
SUTpS4^#ft;Ai^?St4ib$n5. ^^tt, ^dc^ASp 
S4^3¥tt;M3 0 5-3 0 7 tgArs^fctr J;S/^5/i> 

>3>ja^ic<t5. c:©=PSf4<b|gJ^ii. lagtcij 

t^T^fSt4IH:a4 0 1 fcUT^tra&So -f©^©Xfi 5 
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1 oiz^^txo-^mmttji^, mi oiz^.tJ^o^mm 

[0 0 4 8] GaN^iS^B:, XEfLO^S&MMjbSftbiDII 

&ifi&<, ^iHt!itL^okt^tmmx-<Di^itifimm. 

[0 049] bA^L^feAie,, :7*i&ii;<-rs 
SCliifCJit), ^>i:'<D^^:&nmX'^, 1 0 mWUli 

So 

20 [0 0 5 0] z(Dmsmmxti. my^x^fpx3 5 
o'cx-mmvpm^m^t:^mm\:.T?>^:iix\ m& 

'^5^>aA-e^.J;^.^, 

[005 1] 4fet?S<4Jifflffi3gt:rPV'»TSKK-rSo H 1 
•tttfStSJgtEIl lK:5^-ri^JB:Ga0.2In0.8NSffl 

(MQW) &fflv^T^)J:v■»o Ell 3 f::^-?- J: -5 

30 feGa0.2InO.8N#PM4 0 4 4:Ga0.95 1 nO.OSN 

[ 0 0 5 2 ] la 1 3 ®^5iTtife^^i:1ffiS^^«|® 
M>K^iS^Olt^H:*tll : ItfeoTV^So U-lf® 

MQW^igO-fpjg^lfSi:, Ell 2t^1-i5{c^M 
igtA10.lGaO.8I n0.1NM4 0 2$ffiV^§:&i£Al 

[0 

[0 0 5 3] m^m^(oms^if^^nin£. MQw^jg© 
A 1 G a I nNm^mi^<Dmm^MmBnt 700 •cw± 

t^^mfCiSlr^o AlGa I nNM^S?f$:£fi£Mt-SfS 
t^N ni^7G^T-^-5A 1 i:Gai: I n©Sgj5S;£iEfl£fc 

•C. 7 0 0'CK;±i:V^5JSv^^:giaSl:H:. IStOiaSn 
0 fcInAiSa^MiP?>^|R^LTLt^fc««>T-&i, * 
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[0 0 5 4] cicD^iitiD, ^pmmmmojnm 

— tf^lli^t-SClilJ&STSS- 
rOOSS] 

V^i|£^fJ; I. "if Sl^i^-r 5 C fc f § 5 , 
CO 0 5 6] *^^CJ;ntf. ^i^l'— !f®^^SS 

[0 0 5 73 Sffi^-h^tSrxT 
iyOz (x>0) ^^v^S^fc^;J;^). ae®SftJSK:®VV 

[0 0 5 83 *^BgtJ;ntt, Gax 
Inl-xN (O^x^l) iiAlkGallnnN (O^k, 1, 
a%U k+I*ni=l) < 7 yJS&^WI-S 

^-YJiv^V^^U , A^^gAlkGallnmNCOAl 

[0 0 5 93 y^mm<oM^m<^i^-v^^Hi£, i/— tr^t 

to 0 6 03 *^KSffiiti^ftl/-tf(cJ:nH:, #pjg{:: 
GaxInl-xN (O^xgl) . ^PSagSMfSKMJg 
3t>*AlkGalI naN (O^k, 1, m^U ktl+i=l) 

[0 0 6 13 *^W*^J:nt^. n^fflAlkGallnn 
N (0£k, 1, m^K k+l+iD=i) (cS^^nsSfisCP t 
*JJ;tFTi$^;S$-&5Ci;T\ Au©l£ScC^S3> 

[0 0 6 23 *^WtJ;ntt. nSOAlkGallnm 
N (O^k. 1, n^U k+l+Di=l) CJi^jaE^nSSfillCT i 
Ni&^;t$-&scfcT-> Au®fi£|S:fc:J;*:3>^^ hffi 

[ia®©^m;&:M] 

mi) ^mmiDi^mi^\y-if<Dmm: 



30 



40 
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[EI33 !f®»f®ia 

10 gi:e(a:)£r[ni) 

[0103 *^Rg©^4?ftI/-if©Bf®ig <*^iSStfi 
CHI 1] *:%89®^SSiift5Sffl/T>Kdj^i,.>7'i*;i/ 
CHI 2] *^59®ffi<4®ftii£®.'i>K^^>;'rj^^;i/ 

20 — E 

[014] :^^^<Dn^m^^jgM0 
C0 1 5 3 ^<D 0 a NS^Ii^lff I/-- !f 
C^^OHfiqg] 

1 n-v-yr-irmi 

n-A10.1Ga0.9N^7v; KJi 
Ga0.8In0.2NjSf£M 
p-A10.1Ga0.9Ni?5y 
p-GaNn>^'i?hB 



SO 



2 
3 
4 
5 
6 
7 
8 
9 

2 0 1 
2 0 2 

2 03 
204 

3 0 1 
3 0 2 
3 03 
3 04 
3 05 
306 
307 
3 0 8 
309 
3 1 0 

3 1 1 

4 0 1 

5 0 1 
5 0 2 



Si 02 
SrT iO 

n— GaN3>i?4? hM 
n-A10.1Ga0.9N^^y KJ 



p-A10.1Ga0.9Ng-i'5^; h*j 
p — GaN^-i'7 5' KJB 
p-GaNZJV^'^ YM 
Si 02 
Si 02 



GaO.81 n0.2N?tpJg 
A 10.lGaO.8I n0.1Np$J 



(8) 
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5 0 3 ^iS^ KJg 

5 0 4 GaO.81 n0.2N#Pii 

5 0 2 GaO.gsi n0.05N|I$M)g 

10 0 1 -y-^T-frg^ 

1 0 0 2 G a NB 

1 0 0 3 nSQaNii 

1 0 0 4 nSA 10.05Ga0.95NJl 
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1005 nMGaN^ 

1 00 6 MQWrSISii 

1 0 0 7 pMGaNIS 

1 0 0 8 pSA10.05GaO.9SNJ 

1009 pMGaNM 

10 10 x>mwm- 

10 11 nmnm 



GaN»+ifffu— if 



( a) 

7 P-GaN3:^SiJhfll 

6 P-AlaiGaaaN^^fKA 
5 GaaalncsN^A 

2 



4 n -A laiG aasN^Ssi KJI 



( a ] 





1 



2 SiO?v:?i7 

5 GaasInaiNSftfl 
4 n-AlaiiQaLBN 

2 

3 n-GaN3lr9£)t-A 




7 P-GaN3:*S»&h« 

G P-A]aiGaa9N9^yK4l 

5 Ga&Alno.2N«1iJff 



^4 n-Ala^Gao,g 



- ^ 3 n-6 aN3:>»^T^J■ 



/ 2 S 1 Ozv;?i7 



1 



r^4] 



1 










i i 


■ : 1_ 



(9) 



<^m¥ 1 0-2 5 6 6 



( a) 



202 *«H3-h 



^ 202 

%5 



( b ) 
SrTiD 204 



Kfl -: ;•: 



203 SI 02 



CH7} 



( a) 



305 P-AlaiGaasN«— fawKJi 
1 307 p-GaN^vSOK* 

/ ^ SOB P-GaN»=55i»K« 



304 3ttfi 



it^y-f^Ste 301 \ 303 n-AlftiGacaN 
n-GaN3:/5i7h» 302 
< b) 




308 S102 307 



( c ) 

3oa 

30G 



306 
^305 
-30 4 

-303 

302 

301 



305 
/ 

^ 304 



303 
-302 
•30 1 




307 



3oe 




( a) 



30 9 S IDs 



^305 
/^304 
303 



.302 . 
-^30 1 



(b) 

309 307 310 P<n« 
309 

305 

^303 / .302 



306. 




30 1 



401 ^mnitvin 

^30B S iOz 



307 
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mi 03 



40 1 307 




30S 



n - 5 3> K» 



301 



[^12] 



UtiJ-ft^m 503 AlcaOao-BN 



m«9 



»=GaN 



502 

AUiGaa8lno.iNIXSjl S02 



■0 5 5/ K» 




lEl 1] 



A Iq.eG BD.aN 



G aaal ntLeNSftfl 
[1^1 3] 



n-03n HA 



Tit 



GacssI no.fiBNI«SiR 505 



[ESIl 4] 



( ai 




n - G a N 



riSl 5] 

10 10 PfilVC 

1 009 PffiGaNA 

lOOa P£Alfl.osGaa.esN» 
^/J,007 PSGaN« 

-t 00 6 MQWS&fl 

1 005 nSG aNfi 
■10 04 pSA li).osGafl.ssN« 

1011 nMctt 




:^1 003 nSGaNJB 
"^1 00 2 GaNJ* 

100 1 -tf^p-i-yKiE 



( b ] 
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